This study examines ICT adoption among 3,759 Colombian manufacturing firms, and attempts to identify the factors that are conducive to the adoption and usage of ICT at the firm level. Our major findings are (i) that the adoption of a given information and communication technology is better facilitated when a firm is relatively large, has large human capital, engages in more innovative activities, and when a firm's organizational structure is better aligned with the given technology; (ii) that positive associations between the key determinants and ICT adoptions are more pronounced for small and medium-sized firms than for large ones, and (iii) that information spillovers within industries is also a determinant of ICT adoptions by the firms.
Introduction
After a number of empirical studies linked the high performance of the U.S. economy in the 1990s to its widespread adoption of information and communication technologies (ICT) (Berman et al., 1994; Jorgenson and Stiroh, 2000; McGuckin and Stiroh, 2002; Morrison and Siegel, 1997; Siegel, 1997; Stiroh, 2001) , much has been debated about the effects of ICT on firm productivity and profitability (Bartelsman and Doms, 2000; Bresnahan and Trajtenberg, 1995; Brynjolfsson and Hitt, 1996; Brynjolfsson and Yang, 1996) . On the other hand, another important conception has been developed in the literature on technological changes: increasing recognition of the complementary relationship among the adoption and usage of ICT, firmspecific factors, and industrial structure. Since Milgrom and Roberts (1990) pioneered the study on the complementary role of firm-specific operational and organizational characteristics as determinants of the adoption of new information technologies at the firm level, a significant amount of the literature has focused on the identification of the factors that are inherent to varying adoption rates across firms of ICTs (Bocquet et al., 2007; Bayo-Moriones and LeraLopez, 2007; Fabiani et al., 2005; Giuri et al., 2008; Hollenstein, 2004; Lucchetti and Sterlacchini, 2004 ).
The complementarity view, which was missing in the traditional technology diffusion literature, signifies that developing a better understanding of the complementary factors that may facilitate or retard the process of a firm's ICT adoption is an issue of contemporary importance to both managers and policy makers. First, a firm's technological choices are more likely to come to fruition when they are aligned with its operational and organizational readiness for new technologies. Hence it is necessary that managers' efforts to maximize the effectiveness of ICT adoption and usage be concomitant with their organizations' capacity to accommodate to new technologies. Second, the complementarity view may help policy makers gain new insights into the designing industrial policy to promote the usage of new technologies. For instance, firms across different industries face different business environments in terms of market competitiveness and uncertainty so that their incentive to adopt ICT may be influenced by the extent to which industrial policy reflects and conforms to distinct circumstances of their respective industries. Third, the study of complementary factors to boost ICT investments may have some macroeconomic implications as well. There is now quite conclusive evidence of a strong positive correlation between ICT investments and economic performance (Jorgenson and Stiroh, 2000; Stiroh, 2001 ). Although such evidence was obtained mainly from a handful of developed economies, identifying the complementary relationship among the determinants of ICT adoption factors is a topic of relevance to countries at all different stages of economic development, especially emerging economies, for the following reasons. First, an increasing number of emerging economies have been initiating information technology (IT) initiatives and established some form of information and communication systems (Udo and Edoho, 2000) .
Some anecdotal assessments of IT initiatives appear promising in developing countries like China, Chile, Egypt, India (Indjikian and Siegel, 2005) , Colombia (Ministerio de Comunicaciones, 2007) , and Venezuela (Ministerio del Poder Popular para Ciencia, Tecnología e Industrias Intermedias, 2007). Second, observed positive impacts on economic performance of ICT in developed countries may signify the importance to emerging economies of investments in ICT as one of the core elements in transition to the knowledge-based economy. Although deficiency in ICT investment with relatively high social opportunity costs is a typical of many emerging and transition countries, several case studies and anecdotal evidence suggest that developing and transition countries have the potential for productivity gains and economic growth from the ICT adoption and usage (Dutta et al., 2003; Humphrey et al., 2003; Lal, 2004; Moodley, 2002; Udo and Edoho, 2000) .
This study examines ICT adoption among 3,759 Colombian manufacturing firms, and attempts to identify the factors that are conducive to the adoption and usage of ICT at the firm level. In order to achieve this goal, we use two different data sources from the Colombian Bureau investigates not only the complementary relationship between the ICT adoption and a set of firmspecific external and internal factors but also the effects on a firm's ICT adoption of the information spillovers among early ICT adopters and potential users (Griliches, 1957; Mansfield, 1961 and .
Our major findings are (i) that the adoption of a given information and communication technology is better facilitated when a firm is relatively large, a firm has large human capital, a firm engages more innovative activities, and when a firm's organizational structure is more aligned with the given technology; (ii) that positive associations between the key determinants and ICT adoptions are more pronounced for small and medium-sized firms than for large ones, and (iii) that information spillovers within industries is also a determinant of ICT adoptions by the firms.
The rest of this study is organized as follows. In the following section, we review the literature on the ICT adoptions and develop the theoretical framework for the study. The data and the empirical specification are discussed in Section 3 followed by the empirical results in Section 4. Finally, concluding remarks are provided in Section 5.
Empirical background and theoretical framework
As mentioned in the introduction, the literature on the adoption of ICT has documented a vast amount of empirical evidence of various factors that are inherent to a firm's ICT adoption.
Although underlying determinants of a firm's decision to adopt ICT vary across different studies from firm-specific structural characteristics to competitive strategies to industrial or market environment, a general conceptual framework developed from country-specific case studies has focused mainly on the variables in the following five categories: a firm's structural characteristics, human capital, internal organizational characteristics, the characteristics of industrial environment, and the effects of ICT information spillovers. In this section, we provide a brief overview of the literature with emphasis on primary factors of firms' ICT adoption decisions that have been debated and tested in the recent empirical studies.
Structural characteristics of firms
One of the most commonly tested hypotheses in the literature is that a firm's size is positively correlated to ICT adoption with the presumption that larger firms can afford to devote more capital and resources to the adoption of ICT than smaller ones. For instance, Premkumar and Roberts (1999) and Geroski (2000) suggest that, given high risks and large costs associated with early adoption of ICT, larger firms are better positioned to take the initiatives in deploying new technologies. In a similar context, Cohen and Levin (1989) argue that large firms are more likely to adopt ICT as they are better prepared to absorb the financial burden of large up-front investment expenditures in ICT thorough economies of scale. Another interesting contribution to the literature in this regard is Hollenstein (2004) . Based on a large number of observations on the ICT adoption behavior of Swiss business firms, the study confirms that medium-sized firms have the highest likelihood of ICT adoption. Although a few studies find that the size of firms is either irrelevant or even adverse to firms' ICT initiatives, the main findings in the literature are in support of a positive correlation between the ICT adoption and the size of firms (Delone, 1981; Gretton et al., 2004; Kowtha and Choon, 2001; Lucchetti and Sterlacchini, 2004; Morikawa, 2004) .
In addition to the size of firms, some studies in the literature focus on a positive role of multinational ownership in firms' incentive to adopt ICT for the following economic reasoning: First, firms under multinational ownership have not only more financial resources for investments in ICT (Westphal et al., 1997) but also a relatively strong risk management system (Indjikian and Siegel, 2005) ; Second, multinational firms tend to be more open to external factors (Lai and Guynes, 1997) and benefit more than domestic firms from ICT adoption through enhanced coordination of business activities (Akmanligil and Palvia, 2004; Galliano et al., 2001 ).
Human capital
Another important implication of ICT adoption at the firm level is that the implementation of new technologies is potentially influenced by individual characteristics of employees such as educational attainment and age. As for the educational level of workers, a common proposition in the literature has been that ICT investment and adoption at the firm level can be facilitated when a firm's workforce is comprised of a relatively large number of higheducated (or high-skilled workers) because the ICT usage and its impact on productivity are likely to increase with the number of workers with higher educational attainment. Such complementary relationship between the adoption of ICT and the educational level of workers has been evidenced in a large number of studies (Arvanitis, 2005; Black and Lynch, 2000; Bresnahan et al., 2002; Chapman et al., 2000; Fabiani et al., 2005; Lucchetti and Sterlacchini, 2004; Parente, 1994; Perez et al., 2005; Yap et al., 1992) .
While many studies in the literature have used the educational attainment of workers as a proxy for human capital for a firm, a few studies have examined the impact on the ICT adoption of the socio-demographic characteristics of workforce such as age. The presumption is that the inertia of old workforce may become a barrier to ICT adoption because old and more established workforce is often less adaptable and resistant to new changes that often require new skills (Bayo-Moriones and Lera-Lopez, 2007) . However the empirical findings on the significance of the impact on ICT adoption of the age composition of workforce are not unambiguous (Beatty et al., 2001; Maliranta and Rouvinen, 2004) .
Internal organizational structure
Another principal focus of the literature related to ICT adoption has been on the complementary relationship between the adoption of ICT and firms' organizational characteristics. A primary reasoning behind the organizational complementarity is two-fold:
First, the adoption of ICT is likely to be facilitated when a firm's decision-making process is decentralized and its organizational structure is made up of reduced hierarchical levels. This is because productivity gains from ICT adoption are expected to be greater when such decentralized and delayered organizational structure allows for increased information sharing and more effective involvement in decision making among employees (Bayo-Moriones and Lera-Lopez, 2007; Black and Lynch, 2000; Bruque and Moyano, 2007; Bresnahan et al., 2002; Bugamelli and Pagano, 2001; Caroli and Van Reenen, 2001; Fabiani et al., 2005; Falk 2005; Giuri et al., 2008; Williams, 1994) . Secondly, several studies have focused on a reverse organizational complementarity that runs from the adoption of ICT to organizational changes (Aghion, 2002; Bresnahan and Trajtenberg, 1995; David and Wright, 1999; Giuri et al., 2008) .
For example, Giuri et al. (2008) argues that the new systems of production may lead to reorganization of workplace as a secondary innovation because new technologies often increase the benefits and reduce the costs of decentralization and reduced hierarchical layers. However, empirical findings are mixed and controversial across different studies.
Industrial environment
A firm's incentive to adopt ICT may also be affected by the local industrial or market structure. Considering that a firm's decision to undertake investments in innovative technologies is ultimately influenced by the potential profitability of such investments, industrial characteristics pertaining to the firm's profitability prospect will become presumable factors for consideration in ICT investments. The industrial characteristics that have been commonly recognized in the literature as key determinants of ICT adoption include the level of local competition, industry-specific technological opportunities, and the global aspect of the market.
As for the level of competition in a local market or industry, a prevailing presumption in the literature has been that a firm under high competitive pressure is more likely to invest in new technologies as a way of maintaining its competitive edge over rivals. Measures of competitive pressure vary across different studies. For instance, Bayo-Moriones and Lera-Loez (2007) and Baldwin et al. (2004) use a binary variable whereas Hollenstein (2004) captures a firm's exportto-sales ratio as a proxy for competitive pressure. A large number of empirical studies have confirmed a positive role of local competition in the ICT adoption at the firm level (Baldwin et al., 2004; Bayo-Moriones and Lera-Loez, 2007; Bertschek, 1995; Gattington and Robertson, 1989; Hollenstein, 2004) . Fabiani et al. (2005) , and Lucchetti and Sterlacchini (2004) use binary variables to differentiate individual firms across different industries. It is also worth noting that Fabiani et al. (2005) controls for geographical locations of establishments as a way to examine the effect of interactions among firms on the ICT adoption.
Another interesting aspect pertaining to the relationship between industrial environment and ICT adoption is that firms in international markets are more likely to invest in information and communication technologies because they have a strong incentive to reach new customers worldwide via the Internet-based technologies. A positive relationship between the ICT adoption and the global aspect of the market has been evidenced in many empirical studies (Braga and Willmore, 1991; Fabiani et al., 2005; Hollenstein, 2004; Kumar and Saqib, 1996; Teo and Pian, 2003) .
Epidemic effects (information spillovers)
While the complementarity view emphasizes the factors inherent to a firm's structural and organizational characteristics in relation to the firm's ICT adoption decision, the epidemic approach in the literature has focused on the process of technology diffusion across firms within an industry with the presumption: the frequency of contacts between current ICT adopters and potential users increases and so does the likelihood that a firm learns more about a new technology as more firms adopt the technology (Griliches, 1957; Mansfield, 1961 Mansfield, , 1963 Mansfield, , and 1989 . Mansfield (1963) , for instance, assumed that the speed at which a technology spreads across firms depends on several firm characteristics such as the number of current users of the technology and the profitability of the technology adoption. However, empirical findings in the literature on the inter-firm technology diffusion are not unanimous, suggesting that information spillovers (or information acquisition) alone may not fully explain the transfer of a technology across firms (Antonelli, 1989; Karshenas and Stoneman, 1993; Colombo and Mosconi, 1995; Swamidass, 2003; Battisti, 2008) .
Data, variables and descriptive statistics

Data
Our empirical analysis uses two sources of data. As mentioned previously, the basic ICT- Bayo-Moriones and Lera-Lopez (2007) . This observation certainly provides a rationale for the study on the key determinants of ICT adoption by Colombian manufacturing firms.
Variables and descriptive statistics 3.2.1 ICT variables
The ICT annex of the EAM provides a rich set of ICT indicators as reported in Table 2 .
We grouped these indicators in three broad intertwined categories as follows: (i) ICTs that increase an employee's productivity, (ii) ICTs that enhance the business performance of a firm as a whole, and (iii) ICTs that improve a firm's connectedness with other businesses and customers. Table 1 , the ICT expenditure per employee in 2006 averaged $57 for large firms compared with only $19 for small ones. It is also worth noting that the standard deviation of the variable is large relative to its mean value for the firms of all sizes. Especially for medium-sized firms, its standard deviation is nearly nine times the mean value.
In addition to the number of PCs per worker, the percentage of employees who use PCs specifically for their routine tasks is examined in this study, because PCs may not be required for all employees to perform their regular tasks. Thus this variable, denoted by workers with PCs, is expected to provide us additional insight on the determinants of the ICT adoption. Table 1 indicates that the percentages of employees using PCs on average increases as the size of the firm increases.
The last per-employee ICT indicator of the first group is the percentage of employees who use PCs connected to the Internet, denoted by workers connected to Internet. While it seems more apparent that people in sales department or in the management are more prone to using the Internet for their daily tasks, some engineers and technical workers may also need to be interconnected via the Internet.
The second group of ICT indicators, called the business-performance-enhancing ICT indicators, consists of two dummy variables: (i) whether a firm has access to the Internet, denoted by d_Internet, and (ii) whether a firm has its own registered website, denoted by d_webpage. Each binary variable takes the value of one if the firm has the underlying technology and zero otherwise. Table 1 shows that the percentage of the firms with either the Internet access or own registered websites increases as the firm size increases.
The third group of ICT indicators consists of three ICT indicators that refer to a firm's degree of connectedness with the outside such as other businesses and customers. The first ICT indicator of the third group, denoted by d_Internet areas, measures the number of functional areas of a firm's business where the Internet is used. We divide a firm's operation into three functional areas such as sales, production, and management. For instance, if a firm uses the Internet in all three functional areas of its operation, the variable will take the value of three. The greater the value of the variable for a firm, the higher is the degree of intra-firm diffusion of the Internet technology.
The second ICT indicator of the third group, Internet applications, measures the number of a firm's responses to the questions whether the Internet is used for (i) ordering raw material,
(ii) selling products, (iii) electronic banking, (iv) providing services to customers, and v) distributing products on line. For each question, this indicator takes the value of one if the firm responds "yes" and zero otherwise. Therefore this composite indicator takes a value between zero and five.
The last ICT indicator of a firm's connectedness with other businesses and customers is also a composite one and denoted by networks. This variable adds up three binary responses to the following questions whether a firm has (i) Intranet, (ii) Extranet, and (iii) LAN. For a firm's positive response to each question, the variable takes the value of one and zero otherwise. Thus, if a firm has all three forms of networks, the variable networks will take the value of three. Table j 
In the indicator above, Y refers to one of the nine ICT technologies aforementioned and j indicates the manufacturing sector to which a firm i belongs. The numerator shows the number of firms excluding firm i that have adopted the technology Y while the denominator is the total number of firms in that sector. Thus, for the given technology Y, the epidemic effect in sector j is proxied by the sector-specific level of diffusion of the technology relative to firm i. This variable is included in all regressions as an additional explanatory variable for the adoption of an ICT by firms.
Organizational technologies
The Colombian Innovation Survey (EDIT II) surveyed firms about whether they made investment in any of the five technologies of organizational tools: (i) quality management of products, (ii) Kaisen, (iii) total quality management (TQM), (iv) the enforcement of ISO (international organization for standardization) norms, and (v) other technologies such as good manufacturing practice (GMP), hazard analysis and critical control points (HACCP). We created a binary variable which equals to one if a firm invested at least in one of the five technologies and zero otherwise. It is worth stressing that some research has highlighted concerns over the appropriate timing of the adoption of ICTs and organizational changes. In that regard, we presume that any successful implementation of ICTs within a firm's work system shall be preceded by corresponding organizational changes. Based on this reasoning, this study utilizes the EDIT II survey results for the year 2004. About 31.5% of the sample firms invested at least in one of the five technologies mentioned above.
As shown in Table 3 , pair-wise correlation coefficients across the nine ICT indicators are fairly low unless it is a correlation between a pair of closely-related ICT indicators. For instance, the dummy variable d_Internet is highly correlated with both the categorical variable d_Internet areas and with d_webpage. Finally, all correlations were statistically significant.
Human capital
As discussed previously, a firm's human capital is considered a factor that either facilitates or hinders the adoption and facilitation of ICTs in that a firm's capacity to derive benefits from the technologies is potentially limited by its human capital. In this study we employed two measures of human capital at the firm level: the percentage of workers with a university degree or higher and the ratio of number of technicians to total employees. For the sample firms included in this study, the percentage of workers with higher education averages 14.2% and the percentage of total employees that are technicians is 16%.
Other control variables
In addition to the explanatory variables associated with a firm's organizational technologies and human capital, we incorporate in our analysis a set of variables that are believed to be inherent to a firm's structural characteristics and the industrial environment in which a firm operates. With regard to a firm's structural characteristics, we control for a firm's size and multinational (foreign) ownership. First, the size of a firm is proxied by the logarithm of sales. Among our sample firms, small firms accounted for about 32.5%, medium-sized firms about 42.4%, and large firms about 25.1%. The number of the sample firms in our study and its distribution across size, regions and manufacturing activities make this study especially pertinent to the study of the ICT adoption by small and medium-sized enterprises (SMEs). Second, the presence of foreign ownership is controlled for by a binary variable which takes the value of one if foreign capital accounts for at least one percent of a firm's total ownership. The firms with at least one percent foreign ownership accounted for 31% of the sample firms.
As for the industrial environment in which a firm operates, we control for the global aspect of industrial environment using a firm's export sales as a percentage of its total sales. The economic reasoning behind this is that firms competing in international markets are more likely to adopt ICTs because they have a strong incentive to reach new customers worldwide via the Internet-based technologies. 6.2% of the sample firms in our study derived part of their sales revenue from the export sales.
Building upon the presumption that the adoption and use of ICTs is better facilitated when a firm is more product-innovation-oriented, we control for a binary variable which equals to one if a firm performed either product or process innovation during the year 2004 and zero otherwise. 63% of the sample firms had some form of product or process-related innovation activity during the year 2004. 
Empirical strategy
Based on the recent development in theories and empirical evidence in the literature of the ICT adoption, the following empirical specification is fitted for each of the nine ICT variables (Y) as follows:
In the model above, i refers to a firm and j denotes the manufacturing sector to which the firm is affiliated. X is a vector of three control variables: the logarithm of a firm's sales, a firm's exports as a percentage of its total sales, and the presence of foreign ownership. is a set of dummies that control for the location of the firm i among the five broad Colombian regions.
Given the cross-sectional nature of our data set and the three different types of our dependent variables, the following three econometric techniques are used to explain the ICT adoption by Colombian manufacturing firms. First, the ordinary least squares (OLS) method is used for the first group of quantitative ICT indicators which are directly related to workers' productivity. Second, probit regression is used for the binary variables for a firm's Internet access and its own registered website. Last, the ordered probit regression estimation is employed for the analysis of the three categorical indicators of firm's connectedness with other businesses and customers. All estimates are robust standard errors clustered by Colombian industrial sectors. All estimation results are reported first for the entire sample firms and then for the two sub-samples: large firms only and small and medium-sized firms. Second, the other measure of human capital, the ratio of number of technicians to total employees, is found to be positively related to the three ICT indicators except for a firm's annual expenditure per employee in hardware and software. This finding highlights the importance in the ICT adoptions of strengthening human capital within firms and is consistent with the notion of absorptive capacity of Cohen and Levinthal (1990) : "the prior related knowledge to assimilate and use new knowledge."
ICTs related to employees' performance
<PLACE TABLE 4 HERE>
A second factor that facilitates the use of PCs and the Internet is firm size, proxied by the logarithm of a firm's sales. The firm size is found to be highly and positively associated with all four ICT indicators in the first group. A firm's previous efforts to achieve product or process innovation as well as the implementation of some organizational changes within the firm are also found to be effective determinants of a firm's adoption of the ICTs that enhance workers' performance.
For the entire sample firms, the presence of foreign capital in a firm's ownership also facilitates the adoption of ICTs. It is found that a firm with a relative high ratio of exports to sales is likely to have more workers directly connected to the Internet. However, the technological level of a particular manufacturing sector to which a firm belongs does not appear to have any influence in the firm's adoption of these ICTs. The concentration ratio of the four largest firms in a manufacturing sector is found to be negatively related to all firm's ICT adoptions although it is marginally statistically significant only for the indicator of workers connected to the Internet.
Last, as shown in Table 4 , positive epidemic effects are confirmed, implying that the greater the number of firms that adopted a given ICT, the more facilitated is the adoption of technology by peer firms within the manufacturing sector. Its significance is more pronounced not only by the positive sign but also the magnitude of estimated coefficient across all dependent variables. Table 5 shows the estimation results first for large sample firms only and then for small and medium-sized firms, respectively. The main idea behind splitting the data set into two sample groups is to see whether the explanatory power of each control variable distinctively varies with the size of firms. It appears that the level of education in a firm's workforce and its efforts to align organizational changes with the ICTs are all positively associated with the adoption of these ICTs regardless the size of the firm. Last, the overall information spillover effects seem to be more pronounced for small and medium-sized firms than for large ones.
<PLACE TABLE 5 HERE>
In a nut shell, our empirical findings suggest that the adoption of an ICT is better facilitated not only when a firm is larger with more human capital and modern organizational structure but also when a firm is more innovation-oriented and belongs to a manufacturing sector with a relatively high diffusion rate of the given ITC.
ICTs that enhance business performance
In Section 3, we identified and discussed the two business-performance-enhancing ICT indicators: whether a firm has access to the Internet and whether a firm has its own registered website (see Table 2 ). As expected (see Table 6 ), a firm's ICT-absorptive capacity, proxied by the two human capital measures, is positively associated with the firm's use of the Internet and webpage. A firm's ratio of exports to sales is found to be of equal importance in a firm's use of the Internet. This finding is consistent with the presumption that a firm competing in international markets has a stronger incentive to use the Internet to stay globally connected. The estimation results also confirm that a firm that implemented technology-complementary organizational changes or engaged in product or process innovation is more likely to adopt the both types of ICTs.
<PLACE TABLE 6 HERE>
When the same empirical specifications are fitted in two different sample groups, the estimation results for small and medium-sized firms in Table 7 are largely consistent with the ones for the entire sample firms in Table 6 . However, the estimation results for large sample firms substantially depart from the previous findings. As evidenced in Table 7 , most of the explanatory variables are found not significant in the adoption of the Internet and webpage by large firms. One possible explanation to this contrary finding is that, unlike large firms for which the underlying technologies have been adopted for a long while and become mature technologies, small and medium-sized firms may still face more hurdles such as opportunity costs of investments in human capital, innovations, and technology-complementary organizational changes.
<PLACE TABLE 7 HERE>
ICT connectedness of firms
We previously defined three ICT indicators that measure a firm's degree of connectedness not only within but also with the outside such as other businesses and customers: the number of functional areas of a firm's business where the Internet is used (d_Internet areas), the number of specific Internet applications that a firm uses (Internet applications), and the number of the types of the network structure that a firm employs (networks). As discussed in Section 3, the three ICT indicators are categorical in the sense that each dependent variable takes a larger value as a firm responds "yes" to more categorical questions. As summarized in Table 8, we have found that a firm's degree of connectedness is increasing when the firm's workforce is more educated, the firm engages more in innovation-related activities, the firm has implemented organizational changes that are complementary for the ICTs, the firm competes in international markets, and when the firm is relatively large. The epidemic effects are also found to be positively associated with the adoption of these network technologies, suggesting that the likelihood that a firm learns about a new technology and adopts it increases as more firms within the industry adopt the technology.
<PLACE TABLE 8 HERE>
Similar to our empirical findings in the ICTs that enhance business performance in Section 4.2, some explanatory variables are found not significant when the estimation is fitted only for large firms (see Table 9 ). We believe this finding can be attributed to the following two reasons. First, this study utilizes a cross-sectional data set so that this study has its limitations in explaining the ICT adoption processes when a large firm adopted the underlying network-related technologies earlier. Second, those network-related technologies have not yet become mature for small and medium-sized firms so that many of the explanatory variables such as human capital and organizational changes may be more relevant to the ICT adoption processes of small and medium-sized firms.
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Concluding remarks
The primary purpose of this research is to investigate a firm's ICT adoption process based on a large sample of 3,759 Colombian manufacturing firms in the year 2006. The data employed is representative in terms of their size, regional location, and manufacturing sectors they are affiliated to.
We find robust and persistent empirical evidence that helps us understand the key determinants in the ICT adoption at the firm level. Our main findings summarized in Table 4 suggest that the adoption of a given technology is better facilitated when a firm is relatively large, a firm has large human capital, a firm engages more innovative activities, and when a firm's organizational structure is more aligned with the given technology. It is also worth noting that positive associations between these key determinants and ICT adoptions are more pronounced for small and medium-sized, which account for about two-thirds of the sample firms.
Furthermore, consistent with the previous studies of technology diffusion, significant and positive epidemic effects are empirically confirmed.
We believe the implications of these findings are of the utmost importance for public policy interventions. First, most of these ICTs are still at an early stage of adoption and implementation for small and medium-sized firms in an emerging economy like Colombia.
Hence the government support through the programs aimed at facilitating the adoption of those ICTs should be given priority. Second, the information spillovers call also for a pro-technology government policy to enhance the network infrastructure such as broadband deployment crucial to the diffusion of ICTs. Third, the presence of a skilled labor force is found to be one of the most significant determinants of a firm's ICT adoption. It is desired that public policy be oriented toward public training programs in ICTs for the current workforce as well as providing basic ICT skills in primary and secondary schooling. Lastly, firms that are export and innovation-oriented are found to be early ICT adopters among the Colombian manufacturing firms. This finding provides further evidence that an emerging economy like Colombia needs public support to spur R&D and globalization of its economy.
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